ern border of Pantanal. These mountains still present great extensions of preserved natural areas and despite their importance to mammal conservation in southwestern Brazil, their mammal diversity and composition are still poorly known. Therefore, the main objective of this paper is to present the composition of non-volant mammal communities of the Maracaju Mountains, and contribute to the knowledge of mammalian fauna in a biogeographically important and poorly known region of the Cerrado. Additionally, we provide data on the frequency of occurrence of species in the region and the role of adjacent phytogeographic domains on the regional species composition.
Materials and methods

Study area
The Maracaju Mountains (23°15'S, 55°31'W; 17°34'S, 54°45'W) are located in the central region of Mato Grosso do Sul State, dividing it in the north-south direction, acting as a watershed between High Paraguay River Basin, to the west, and High Paraná River Basin, to the east (Fig. 1) . The mountains average 900 m in altitude. They are located in the core area of the Cerrado domain in the southern part, being covered by the physiognomies of cerradão (arboreal savannas), cerrado sensu stricto (shrubland savannas), seasonal forests, riparian forests and veredas, a riparian formation dominated by Buriti palms (Mauritia flexuosa) (Foster, Pott, & Salis, 2000) . The vegetation of this region presents great anthropogenic influence due to cattle farms, Eucalyptus and sugar-cane plantations, and the natural remnants are fragmented and located in a matrix constituted of exotic grasses. However, in many regions there are por-
Introduction
The Cerrado and Pantanal are included in the so-called diagonal of open formations or corridors of xeric vegetation, which includes the much drier Caatinga, in northeastern Brazil, and the Chaco domain, in parts of Paraguay-Bolivia-Argentina. This corridor runs between the 2 main domains of moist forest of tropical South America: Amazonian forest in the north and northwest and Atlantic Forest in the east and southeast (Oliveira-Filho & Ratter, 2002) .
The Cerrado and Pantanal occupy most of the territory of Mato Grosso do Sul State, and so the most of the mammal fauna is composed of species typical of these domains (Cáceres, Carmignotto, Fischer, & Santos, 2008) . However, Atlantic and Amazonian Forests also play an important role on the biogeography of Cerrado mammals, especially on forest formations (Carmignotto, 2005; Costa, 2003; Johnson, Saraiva, & Coelho, 1999) . Also, in the Cerrado of Mato Grosso do Sul, occur Amazonian species, such as Oecomys paricola, O. mamorae and Proechimys longicaudatus, and Atlantic species, such as Akodon montensis, Oecomys catherinae and Cavia fulgida (Cáceres, Carmignotto, et al., 2008) . Additionally, the Chaco and Chiquitano forests (Zanella, 2011) also influence the mammal composition in the state of Mato Grosso do Sul, especially on the western edge of the Pantanal (Rodrigues, Medri, Tomas, & Mourão, 2002) , in the proximities of Paraguay and Bolivia countries. In Mato Grosso do Sul, the Chiquitanean species Marmosops ocellatus, Aotus azarae, Callicebus pallescens, Mico melanurus and Urosciurus spadiceus occur only in the western edges of Pantanal, while Cryptonanus chacoensis, Akondon toba and Oligoryzomys chacoensis, which are Chacoan species, and have broader distributions in the High Paraguay River Basin (Cáceres, Carmignotto, et al., 2008) .
The state of Mato Grosso do Sul presents 151 species of mammals distributed in 10 orders and 29 families, with 90 species of non-volant mammals and 61 species of bats (Cáceres, Carmignotto, et al., 2008) . Despite this high species richness, few studies on non-volant mammal communities have been conducted in the State (Bordignon, Cáceres, França, Casella, & Vargas, 2006; Cáceres, Bornschein, Lopes, & Percequillo, 2007; Cáceres, Carmignotto, et al., 2008; Cáceres, Nápoli, Casella, & Hannibal, 2010; Cáceres, Godoi, Hannibal, & Ferreira, 2011; Godoi, Cunha, & Cáceres, 2010; Mauro & Campos, 2000; Rodrigues, Medri, et al., 2002) . Therefore, there is a gap in the knowledge on mammal species composition and distribution in this portion of southwestern Brazil (Eisenberg & Redford, 1999; Vieira & Palma, 2005) . The majority of the species lists of non-volant mammals available for the state come from the Pantanal wetland (Rodrigues, Medri, et al., 2002) and some mountainous regions in the surroundings of Pantanal, like Urucum mountains (Cáceres et al., 2011; Godoi et al., 2010; Mauro & Campos, 2000) , Bodoquena mountains (Cáceres, Bornschein, et al., 2007) and regions of Aporé and Sucuriú rivers, in the northeastern of the state (Bordignon et al., 2006) . Beyond these areas, in Mato Grosso do Sul State, there another important region for mammal conservation, the Maracaju Mountains, an extensive mountainous region of Cerrado located in the east- censes IBAMA nº 025/2009, Process 02014.000702/2009-14; nº 002/2013, process 02014.000829/2010-69 and SISBIO nº 17188-1, process 1925136. We follow Paglia et al. (2012) for the taxonomic classification of all mammal species surveyed. The specimens of Calomys were classified at the genus level because this group is difficult to identify without karyotypic analyses. The identification of 1 species of Oligoryzomys was not possible, and so this species was only classified at the genus level.
We used the index of frequency of occurrence to determine the status of occurrence of mammal species in the Maracaju Mountains. This index is based on the ratio between the numbers of locations where the species was recorded by the total number of sampling sites. The frequency of occurrence does not show how many mammal species are abundant in the study area in terms of absolute abundance or population density, but allowed us to identify which species are rare or which are more common in the survey area.
The species of non-volant mammals were classified as threatened according to the list of mammals threatened for extinction in Brazil (Chiarello et al., 2008) and the Red List of the Species Threatened of International Union for Conservation of Nature (IUCN, 2013) .
To determine biogeographical influences on the mammal fauna of Maracaju Mountains, we listed the species in their phytogeographic domains of occurrence following the classification presented by Paglia et al. (2012) . Thus, we calculated the contribution (in percentages) of each domain to the richness of non-volant mammals of Maracaju Mountains.
The species accumulation curve was provided to evaluate the efficiency of our sampling to record species of non-volant mammals. This analysis was performed using the observed and estimated species richness in the software EstimateS 8.2 (Colwell, 2005) . The observed richness was based on the number of new species added as a function of the field sampling effort (number of localities), including all sampling methods. The estimated richness was calculated using Jacknife 1, considering only presence-absence data.
Results
In the Maracaju Mountains and surroundings we recorded 58 species of non-volant mammals representing 9 orders and 20 families, with 11 species that are considered as threatened ( Table 1 ). The richest order were the Rodentia (17 species), followed by Carnivora (14 spp.), Didelphimorphia (11 spp.), Artiodactyla (6 spp.), and Cingulata (4 spp.). The richest families were the Didelphidae (11 species) and Cricetidae (10 spp.), which comprised the small non-volant mammalian fauna of the region (Table 1) . The species accumulation curves for observed and estimated richness showed a tendency for stabilization ( Fig. 2) suggesting that most of mammal species of the region were sampled in this study.
The non-volant mammal communities of the Maracaju Mountains are composed particularly by species that occur in the Cerrado domain. The Pantanal is the domain that has the well defined. The mean annual precipitation is 1,400 mm, with 80% of rainfall during the wet season. The mean temperatures are 22 °C in July and 28 °C in January (Rego, 2008) .
The data were collected from 2006 to 2010 in 25 localities that covered important subsets of Maracaju Mountains and surroundings. The municipalities sampled were: Anastácio, Aquidauana, Bela Vista, Corguinho, Dois Irmãos do Buriti, Jardim, Maracaju, Rio Verde de Mato Grosso and Sonora ( Fig. 1 ; Appendix 1). Localities 21, 22 and 23, although not marked in red area of the map (Fig. 1) , occur in Sonora Mountains, an extension of Maracaju mountains (Tsilfidis & Soares-Filho, 2010) . Accordingly, these localities were maintained in this study, adding important information about an area poorly studied in Cerrado domain.
Considering all localities, we sampled areas of shrubland savannas (cerrado sensu stricto), seasonal forests (semidecidual forests and cerradão), riparian forests (gallery forests), veredas of Buriti palms (M. flexuosa) and anthropogenic habitats, such as exotic grass pastures (Brachyaria pastures), sugarcane plantations, soybean, Eucalyptus and peri-urban areas, like roads.
At each locality, which usually comprised an area with a 1 km radius, the species of medium and large mammals were registered during 624 h of observations by: i) direct observations, ii) carcass and isolated body parts, such as teeth and horns, iii) tracks, iv) burrows (Order Cingulata), v) feces, and vi) vocalizations (Order Primates). For some groups, like Mazama spp., tracks and direct observations were used together for identification of species, when possible. The animal tracks and other signs were identified according to Borges and Tomas (2004) .
Non-volant small mammals (<1 kg) were sampled using pitfall and live traps. The pitfall traps were composed of 4 buckets of 60 or 108 l separated by 10 m and disposed in "Y" (1 in the center and other 3 buckets in the extremities of the Y) or in transects (with 4 buckets per transect). These were connected by a black plastic fence or plastic screen fence (50 cm high) to guide animals into the buckets. These traps were active during 3 consecutive nights in each field expedition, totaling 1,804 bucket-nights for all localities surveyed. Tomahawk and Sherman live traps of different sizes were organized in transects with 5 to 10 traps that were active during 3 to 5 consecutive nights for each field expedition, totaling 7,508 trap-nights for all localities surveyed. The sampling methods and sampling effort utilized in each locality are described in Appendix 1. In all areas, the live traps were placed on the ground and in the understory (1.5-2 m high). The baits utilized were bananas, pumpkins and bacon in a mixture with sardine or peanut butter and/or cod-liver oil. The small mammals captured were photographed, identified and released at the same point of capture. The identification, when possible, was conducted based on morphological features of the species (according to Bonvicino, Oliveira, & D'andrea, 2008; Oliveira & Bonvicino, 2011; Rossi & Bianconi, 2011) . Voucher specimens and available records of small mammals species were assessed primarily through analyses of specimens (skin and/or skull) deposited in the Mammals Collection of the Universidade Federal de Santa Maria (UFSM), in Brazil (Appendix 2). The captures were made with the collection li- (Thomas, 1913) 17 0.04 C P Calomys sp. 9, 13 and 17 0.12 C P Cerradomys scotti (Langguth & Bonvicino, 2002) 17 and 25 0.08 C P Hylaeamys megacephalus (Fischer, 1814) 3, 17 and 23 0.12 C P , C G Necromys lasiurus (Lund, 1841) 12 and 21 0.08 C P Nectomys rattus (Pelzeln, 1883) 5 and 14 0.08 C G Oecomys bicolor (Tomes, 1860) 3-5 and 15 0.16 C G , C U rarity of small mammals could be explained by the high specialization of most species in the use of habitat and their strong associations with some microhabitat variables, which means that many species have local distributions in the landscape (Lacher Jr. & Alho, 2001; Mohammadi, 2010) . In relation to medium and large mammals observed in few localities, 6 species (Priodontes maximus, Panthera onca, Pteronura brasiliensis, Tayassu pecari, Ozotoceros bezoarticus and Blastocerus dichotomus) are threatened in Brazil or on global scale (Chiarello et al., 2008; IUCN, 2013) . These species are becoming even more endangered mainly due to habitat loss, fragmentation and degradation of habitats, but also by hunting for meat consumtion (P. maximus, T. pecari, O. bezoarticus and B. dichotomus). The jaguar has become threatened since the local population claim they attack livestock (P. onca) or by human oppression that consider the species as a rival related to the fish resource (P. brasiliensis) (Chiarello et al., 2008) .
The natural history of each species should be considered to assess its degree of rarity in a certain region (Chiarello et al., 2008) . For example, grassland species, like O. bezoarticus and B. dichotomus, are rare or absent in arboreal savannas and forest landscapes or in areas where the terrain is mountainous, such as the Maracaju Mountains, where their populations could be considered endangered. However, these species are relatively common in nearby regions in the Pantanal wetlands (Rodrigues, Medri, et al., 2002) , which are near the Maracaju Mountains.
The species commonly found in this study are abundant in this region , and most of them are habitat generalists (e. g. Dasypus novemcinctus, Sylvilagus brasiliensis, Leopardus pardalis, Puma concolor, Tapirus terrestris and Dasyprocta azarae) and common in the southern portion of Cerrado (Cáceres, Bornschein, & Lopes, 2008) . According to Cáceres et al. (2010) , the natural remnants of Cerrado present in the central-western area of Mato Grosso do Sul still support large predators like P. concolor, medium and large omnivorous and herbivores like Pecari tajacu and T. terrestris, and large insectivores like Myrmecophaga tridactyla, and are even present in small fragments or altered areas of gallery forests.
highest similarity of non-volant mammal species with Maracaju Mountains, since 89.1% (49 spp.) occur in both domains. Therefore, the majority of species that occur in the region present distributions associated more with the Cerrado and Pantanal domains (Table 2) . However, in Maracaju Mountains occur species that are also distributed in forest domains, like Hylaeamys megacephalus and Proechimys longicaudatus, that also occur in the Amazonian forest, and Akodon montensis, that is also found in the Atlantic Forest. The other species present broader distributions, occurring in several domains in Brazil (Table 2) .
Discussion
Most species of non-volant mammals present in the Maracaju Mountains were relatively rare in this region, being observed only in few localities (Table 1) . This group has many species of small-mammals, divided in rodents and marsupials. According to Marinho-Filho, Rodrigues, and Juarez (2002) , 63.4% of the non-volant mammals of the Cerrado are rare, and 50.7% of these species are small rodents and marsupials. The (2013) The fauna of the Maracaju Mountains is characterized, mainly by, mammals of Cerrado and Pantanal. However, Amazonian and Atlantic Forest also contributed to the mammalian fauna of the Maracaju Mountains, mainly in relation to the small non-volant mammal species. In the diagonal of open formation of Brazil, the southwestern portion tends to be more affiliated to the Amazonian, while localities in the northeastern Brazil are more related to the Atlantic Forest (Costa, 2003) . Therefore, these 2 domains share small mammal faunas with open areas (Caatinga, Cerrado, and Pantanal) across gallery forests and arboreal savannas (Costa, 2003) .
Some species present in Mato Grosso do Sul State (Cáceres, Carmignotto, et al., 2008) were not registered in Maracaju Mountains since they occur only in western portions of the state, where there is a strong influence of Chaco domain (e. g. Cryptonanus chacoensis, Akodon toba, Holochilus chacarius and Oligoryzomys chacoensis) and Amazonian Forest (e. g. Marmosops ocellatus, Philander opossum, Mico melanurus, Aotus azarae, Callicebus pallescens) (Bonvicino et al., 2008; Cáceres, Ferreira, & Carmignotto, 2007; Carmignotto, 2005; Goldani, Carvalho, & Bicca-Marques, 2006 , 2008a Rodrigues, Medri, et al., 2002) .
There is a group of species that occur in the state composed by some species of carnivores that are naturally rare and hardly detectable (Leopardus tigrinus, L. wiedii, L. colocolo and Speothos venaticus), all endangered in Brazil (Chiarello et al., 2008) and globally (IUCN, 2013) , as well as 2 species of Cingulata that are difficult to detect or obtain indirect evidence of their presence (Tolypeutes matacus and D. septemcinctus). Therefore, we recommend that additional studies in the Maracaju Mountains should be carried out, particularly with a large sampling effort using camera-traps, to confirm these cryptic species in the region, and will contribute to a better knowledge on the composition of local mammal communities.
In the last 30 years, the Cerrado domain was reduced in area by conversion of its original vegetation to exotic grassland pastures for livestock, plantations of soybean, corn, sugar-cane and Eucalyptus spp. (Klink & Machado, 2005) . Thus, more than half of its original vegetation cover has been lost, and this process is widely distributed in central Brazil. In the state of Mato Grosso do Sul, for example, the Cerrado covered approximately 61% of the territory, but with the human occupation, increased from the 60's decade, this vegetation cover was reduced to approximately 32% (Sano et al., 2010) . Deforestation is the major threat to the biodiversity conservation in the High Paraguay River Basin, where the Maracaju Mountains are located. In this region, the deforestation occurs due to livestock activities, Eucalyptus plantations, expansion of charcoal harvesting (Harris et al., 2005) , and more recently, for the construction of Small Hydroelectric Projects. Consequently, it is possible that in the plateaus surrounding the Pantanal wetlands, such as the Maracaju Mountains, the loss of original vegetation reaches more than 60% of the area (Harris et al., 2006) . However, when compared to other regions of Cerrado in the state of Mato Grosso do Sul, especially the northeastern and eastern (Mantovani & Pereira, 1998) , the Maracaju Mountains still retain large extensions of natural areas that are important to the conservation of Cerrado mammals. Therefore, these (Rodrigues, Silveira, et al., 2002) , with the Pantanal, that has several mammal species that also occur in the Cerrado and still maintains dense populations of rare and endangered species of ungulates, like O. bezoarticus and B. dichotomus, and large carnivores, like P. onca, P. concolor and P. brasiliensis (Harris et al., 2005; Rodrigues, Medri, et al., 2002) . 
Appendix 1 List of all localities mentioned in this report, sampling effort and the types of habitats surveyed
